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Abstract: The decomposition of design patterns into simpler elements may
reduce significantly the creation of variants in forward engineering, while it
increases the possibility of identifying applied patterns in reverse engineering. Key
questions raise here: what should be design patterns decomposed in? How to
recognize the application of design patterns by identifying their components?

Currently, there are few forward and reverse engineering tools that exploit the
decomposition of design patterns (e.g., FUJABA, SPQR). FUJABA is a forward and
reverse engineering tool introducing sub-patterns to reduce the dimension of the
design pattern catalog and the complexity of the elements searched in the source
code, as well as to improve the detection algorithm. SPQR is an automatic tool for
design pattern recognition, which introduces an elemental design patterns (EDPS)
catalog and a rule set based on sigma-calculus through which EDPs are defined
and composed into design patterns.

In this position paper we aim at focusing on the advantages and disadvantages
of decomposing design patterns in sib-components and at introducing our research
interests and projects related to this issue.

Introduction

The idea of decomposing design patterns into recurring elements has emerged both in the
context of forward and reverse engineering. Such elements are called fragments [6], motifs
[5], minipatterns [4], sub-patterns [10, 11], or elemental design patterns [13, 15]. As the
variety of the names suggests there is little agreement what design patterns should be
decomposed in. From the abstraction point of view, the sub-components of design patterns
should be situated at the half-way between the source code and the high-level definition of
design patterns. Sub-components of design patterns should reduce the generation of variants
in forward engineering, and increase the rate of identifying applied patterns in reverse
engineering.

Although decomposing design patterns into sub-components may improve significantly
their detection process and results, there are few tools (as far as we know) that exploit this
approach: FUJABA (From UML to Java And Back Again) [10] and SPQR (System for
Pattern Query and Recognition) [14]. The reason of decomposing design patterns into sub-
components in the context of the two tools is different, however both obtain significant
results. FUJABA is a forward and reverse engineering tool exploiting sub-patterns [11] to
reduce the dimension of the design pattern catalog and the complexity of the elements
searched in the source code, as well as to improve the detection algorithm. It builds a



hierarchy of sub-patterns by assigning them a level number which is exploited by the
detection algorithm to establish the order of applying transformation rules. SPQR is an
automatic tool for design pattern detection. Elemental Design Patterns (EDPs) [13, 16], the
sub-components of design patterns, play a central role in the context of SPQR. Extraction of
information from source code (currently only for C++) is performed according to the
elements EDPs are built of. The design pattern detection is reduced to the EDPs detection,
while design patterns are expressed exclusively through EDPs. EDPs and their composition
rules are expressed formally in terms of rho-calculus [17], which represents a subset of
sigma-calculus [1] extended with new reliance operators. Rho-calculus inherits from sigma-
calculus the type definition, object typing, and type subsumption concepts. Reliance operators
are defined as direct, quantifiable expressions which indicate whether elements rely or
depend on other elements and to what extend they do so. These operators indicate reliance on
method invocation, field access, or generalization. Note that EDPs form a plain abstraction
level, this meaning they can be detected independently of each other. A detailed comparison
of these two tools together with the advantages they provide is described in [2].

Advantages and Disadvantages of Decomposing Design Patterns

Considering the FUJABA and SPQR approaches, we summarize the advantages sub-
components provide to define and detect design patterns:
= sub-components are less complex than design patterns, hence also the rules their
detection is based on are simpler;
= design patterns can be described formally (according to SPQR) as combinations of
their sub-components;
= decomposing patterns into sub-components do not affect the flexibility of the first
once; the variants problem impacts mainly on sub-components;
= sub-components represent an intermediate abstraction level between design patterns
and source code; they can be considered also independently from design pattern in the
context of reverse engineering due to their ability of incorporating design intents.

Disadvantages are related to the initial stage of this research issue, hence the
identification and specification of the sub-components of design patterns and how these sub-
components are combined to form design patterns. In our opinion, there are design patterns
that can be formed by the same set of sub-components, which are combined in different ways
leading to different semantics.

Current and Future Work

Considering the SPQR approach particularly interesting, we have extended it to software
systems written in Java [3]. We have used the Recoder [12] framework to parse the source
code and to generate its equivalent AST. Further, we have implemented a Visitor [7] to
extract the information given as input to the OTTER theorem prover used by SPQR and to
encode this information in a POML (Pattern Object Markup Language) file [17]. The output
of our prototype called J2POML [3] is given as input to the theorem prover of SPQR, which
provides a report with the detected design patterns.



Further, we are evaluating the idea of using the catalog of EDPs independently of the
SPQR approach. This choice considers also that SPQR is based on a mathematical paradigm
not commonly used by software engineers, and difficult to be understood and extended for
other programming languages or new design patterns. Moreover, SPQR is not available for
testing.

We have implemented a prototype called EDPDetector4Java [9] which is able to identify
EDPs within the Java source code. Each EDP is detected though two main types of
information: (1) the relationship between the method (referrer) which calls another method
(referred), and (2) the relationship between the object which contains the referrer (sender)
and the object which contains the referred (receiver). The analysis of these two relationships
is described in detail by the authors of SPQR in [15]. The goal of SPQR has been to
generalize the analysis for object-oriented languages. Our aim is to particularize the analysis
for the Java language. Each method invocation which characterizes the behavior of the
objects defining an EDP is determined by both the relation between the objects and the
relation between the methods involved in the interaction. We have identified eight methods’
and objects’ properties we can exploit in the Java language to define and detect all EDPs. In
our approach, EDPs are described through functions expressed in terms of canonical sums of
product forms of the eight properties. Our approach is definitely simpler than that of the
SPQR, but it pays in precision. The results show that six of the sixteen EDPs are uniquely
identified through a single combination of the eight properties, five EDPs through two
combinations, three EDPs through four combinations, one EDP through six combinations,
and one through ten combinations.

Currently, we have concentrated our attention only on static analysis of the source code.
The limitations of such an analysis are generated by the polymorphism of the object-oriented
languages. Our approach uses an AST representation of the source code in association with
information related to type expressions, reference resolutions, and cross-references.
Considering only the static analysis, we cannot detect EDPs precisely, hence they have
associated a degree of uncertainty as in the FUJABA approach. We aim at overcoming this
aspect by considering also the dynamic analysis of source code to determine the run-time
type of the receiver and the referred.

Further work will follow two directions: (1) introducing dynamic analysis of the source
code in order to uniquely identify each EDP through one combination of the eight Java
properties, and (2) the identification of design patterns through combinations of EDPs. For
the first objective we are studying the CAFFEINE [8] approach. Further, we have
implemented the EDP catalog into FUJABA [18] to perform a deep comparison between the
sub-patterns of FUJABA and the EDPs, comparison which may lead to a unified design
patterns’ sub-components catalog
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